Fracture tests to measure delamination resistance are among the most widely used non-standardized tests currently performed on composite materials. Unfortunately it has been shown that the values obtained from such tests can vary by a factor of two according to specimen geometry and data interpretation. It is therefore essential that a standard test method be developed. This presentation will describe the current efforts directed towards an internationally accepted test method, involving the European Structural Integrity Society (ESIS), ASTM and the Japanese Industrial Standards Group.

BACKGROUND.
The title "Fracture test methods" embraces a very wide range of tests and test conditions ranging from impact to creep rupture. However, by modifying the title to read "Standard fracture test methods for composites" the subject quickly assumes reasonable proportions. This presentation will begin by concentrating on one fracture mode, delamination, of unidirectional high performance composites under quasi-static mode I loading and explore the difficulties which have been met in even approaching a standard test method. The extension to other loading conditions and less-perfect materials will then be discussed.
The susceptibility of laminated composite materials to delamination has encouraged the development of a range of tests designed to measure their resistance to interlaminar crack propagation. At first sight it is surprising therefore that no widely accepted standard currently exists for this type of test, despite considerable activity among the organisations responsible for other composite standard test methods. The Polymer and Composite task group of what was the European Group on Fracture (EGF), (recently renamed the European Structural Integrity Society (ESIS)), has been studying interlaminar fracture testing since 1986. An ASTM task group 030.02.02, recently promoted to sub-committee status under the chairmanship of Dr.T.K.O'Brien, has been looking at delamination since 1981 while both VAMAS and the Japanese Industrial Standards (TIS) group have also been actively examining these tests in recent years. Given the extensive data being generated by these groups all working with a common goal it was logical that some cooperation take place. At a meeting in November 1989, representatives of all four groups agreed to collaborate in a joint round robin exercise in order to try to establish the basis for a single international standard document. In order to understand why the process of standardization has been so lengthy, it is necessary to be aware of the problems associated with the different tests.
MODEl
The historical development of mode I fracture testing of polymeric composites has been described previously (1) . The double cantilever beam specimen is widely used, (Figure 1a ), and at first sight appears quite simple. Linear load-displacement curves and planar propagation of the delamination suggest that a linear elastic fracture mechanics approach may be valid.
Nevertheless, several aspects of this test remain controversial. First, data analysis. A number of theoretical and empirical compliance calibration methods have been employed to determine values of Glc. Fortunately however, provided that corrections can be made for large displacements and for the influence of loading tabs or hinges, the results are similar for most of the commonly-used analyses. Within the ESIS group the most satisfactory results have been obtained using either Berry's method (1) or a modified beam theory expression developed at Imperial College, London (2) . The second and most serious cause for concern is related to fibre bridging and multiple cracking. For some brittle materials the plot of Glc v crack length is quite constant from initiation through to final specimen failure. For many unidirectional composite specimens however, an increase in crack resistance is noted after initiation. Thus values of around 1000 J/m 2 may be measured at initiation, rising to over 2000 J/m 2 during propagation for a tough thermoplastic matrix composite. At least pan of this increase has been attributed to fibres or bundles of fibres bridging the crack. This phenomenon is most marked in unidirectional specimens and it has therefore been argued that values measured during propagation are not conservative and should not be used in damage tolerance predictions for multidirectional composites. Such arguments have been reinforced by observations of eomeo:y effects in some materials. In particular higher propagation values have been measured on thicker (stiffer) specimens (3) .
Given these problems with propagation there has been a move towards the determination of initiation values from starter films. This is not without problems and was the focus of a joint ESIS/ASTM/JIS round robin exercise involving some 50 participating laboratories. It became apparent during this exercise that; a) Specimen preparation was critical b) The defect material (aluminium or polymer) influenced results significantly.
A considerable amount of work has since been undenaken to establish exactly what happens during initiation and the following of tests using real time in-situ radiography has proved most helpful in deciding on a criterion for initiation (4) . However, considerable doubts remain over whether initiation values can be measured on materials other than carbon/epoxy and carbon/PEEK. A defect thickness of less than 15 microns has been specified and results will be presented from tests in which such defects were moulded into glass/polyester laminates used in the pleasure boat industry.
It is now necessary to establish repeatability (within a single laboratory) and reproducibility (between different laboratories) values for the draft standard being proposed for ballot by the ASTM group. These values are necessary for the precision statement in a standard (5) and a series of tests with this objective was completed at the end of 1991. In these most recent tests the starter defects were of 7 and 13 micron Upilex polymer film.
MODEll
Mode II testing of composites has been reviewed recently (6) . The end notched flexure (ENF) specimen (Figure 1b) has been adopted for study by the ASTM group and round robin exercises have been performed on this specimen by both ASTM and the ESIS (7). Once again a number of problems have arisen. The disadvantage of this specimen is that unstable propagation occurs for most geometries so that one single value or, for tougher materials only pan of an R-curve, can be obtained. The merits of different data analyses are discussed in reference 6, but it may be noted that this topic is still controversial. Given the unstable nature of propagation the definition of initiation is critical, as tougher materials show extensive nonlinearity on the load-displacement curve before the maximum load and unstable propagation. In addition to the use of very thin starter films (down to 7~lm as for mode I), both mode I and mode II precracking have been suggested There remains some disagreement as to the influence of these different starter defects on GUc values and a funher round robin exercise is planned.
Within the ESIS task group the end loaded split (ELS) specimen (Figure lc) has been favoured as it promotes more stable propagation and work is continuing on this configuration. The development of the mode II ENF standard has been shelved recently in order to concentrate on establishing a mode I method.
MODErn
A number of specimens have been proposed to determine GIlle. Some of these such as the modified rail shear (8) appear quite promising given suitable dimensions, but there are no plans for a standard at present.
MIXED MODE
A number of participants in the ESIS group have studied different mixed mode specimens. The simplest of these is the asymmetric DCB specimen (9) which allows a single mode I : mode II ratio of 4:3 to be obtained, and this specimen is now being studied in more detail, Figure Id . A first round robin was performed on glass/modar materials using this specimen and a second series of tests with a revised protocol is due to begin in March of this year on glass/epoxy specimens. It was clear after the first series of tests that loading conditions were critical and a simple bearing fixture is required to minimize friction problems and simplify the analysis.
The ASTM group has developed a set-up on which different combinations of mode I and mode IT can be obtained by varying a moment arm (10) . Known as the MMB (mixed mode bending) specimen it is more attractive but requires a more complicated loading fixture.
mGH RATE DELAMINATION TESTING Given the problems described previously for quasi-static loading it may appear ambitious to raise the subject of high rate testing. However, this area is attracting increasing interest as data is required to use in calculations of the impact behaviour of structures. Some publications have appeared on interlaminar fracture of composites suggesting dramatic drops in toughness at high rates (11) but these results have yet to be confirmed, DELAMINATION FATIGUE.
In parallel with the static test activities both ASTM and VAMAS are involved in delamination fatigue round robin exercises. The ASTM group is particularly interested in the determination of initiation threshold values by testing specimens at different applied~G levels and recording cycles to initiation. This clearly requires an unambiguous initiation criterion and will be largely directed by the decision reached on the static mode I standard. The VAMAS group has been studying propagation and crack growth rates, da/dn. In this case fibre bridging may cause serious problems. There is still much discussion over both approaches.
CONCLUSIONS
This paper gives a very brief summary of the status of some current activities directed towards standardization of delamination resistance measurements. Other groups have also looked at this problem and it may be noted that both CRAG (12) and DIN (13) have proposed mode I test methods. These are both based on propagation only and have not addressed the fibre bridging problem.
As a result of an active international collaboration a standard is now being drafted which it is hoped will be widely-acceptable so that the proliferation of standards associated with testing of some "simpler" composite properties, such as tensile and shear behaviour, can be avoided. 
